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ABSTRACT
Using photometric and spectroscopic observations of the double-lined early-type eclipsing
binary system ALS 1135, a member of the distant OB association Bochum 7, we derived the
new physical and orbital parameters of its components. The masses of both components were
derived with an accuracy better than 1 per cent, their radii, with an accuracy better than 3
per cent. Since the primary’s mass is equal to about 25 M, its radius was subsequently used
to derive the age of the system which is equal to 4.3 ± 0.5 Myr. The result shows that this
method represents a viable alternative to isochrone fitting.
A photometric search of the field of ALS 1135 resulted in the discovery of 17 variable
stars, including seven pulsating ones. One of them is an SPB star belonging to Vel OB1, the
other six are δ Scuti stars. Of the six δ Scuti stars three might belong to Vel OB1, the other two
are likely members of Bochum 7. Given the age of Bochum 7, these two stars are probably
pre-main sequence pulsators. In addition, we provide UBV IC photometry for about 600 stars
in the observed field.
Key words: stars: early-type – stars: eclipsing binaries — open clusters and associations:
individual: Bochum 7 — open clusters and associations: individual: Vel OB1
1 INTRODUCTION
It is well known that a combination of the light curve of an eclips-
ing binary and its double-lined spectroscopic orbit allows to derive
directly masses and radii of the components of a binary system. Re-
cently, Torres, Andersen, & Gime´nez (2010) presented a list of 95
detached systems with masses and radii of both components known
with an accuracy of 3% or better. It is remarkable that out of 190
components of these systems, only three have masses greater than
20M. On the other hand, good knowledge of masses for such
stars is very important for understanding the progenitors of the
core-collapse supernovae, mass loss, fast rotation and phenomena
related to stellar formation. In addition, accurate determination of
the parameters of massive stars (see, e.g., Hilditch, Harries, & Bell
1996) allows precise determination of their ages. Since massive bi-
naries are often the members of young clusters or associations, this
opens a possibility of an independent derivation of the age of the
parent stellar system. This is important because for young stellar
systems most methods of age determination like isochrone fitting
provide only a very rough estimate. In the present paper, we shall
? Visiting Scientist
derive the age of the OB association Bochum 7 using the parame-
ters of its member, ALS 1135.
ALS 1135 = CPD−45◦2920 (α2000 = 08h43m49.8s, δ2000
= −46◦07′09′′) was classified as an OB star in the catalog of Lu-
minous Stars in the Southern Milky Way (Stephenson & Sanduleak
1971). The first MK classification of the star, O6 III, was given by
Vijapurkar & Drilling (1993). Corti, Morrell, & Niemela (1999)
and Corti, Niemela, & Morrell (2003) discovered that ALS 1135
is a single-lined spectroscopic binary with a period of 2.7532 d,
and classified the main component as O6.5 V((f)). Furthermore, the
star was found to be an eclipsing system from the ASAS photome-
try (Pojman´ski 2003). Taking these results into account, Ferna´ndez
Laju´s & Niemela (2006, hereafter FLN2006) re-examined spectra
used in previous investigations finding faint He I lines of the sec-
ondary component. From radial velocities and the ASAS photome-
try, FLN2006 obtained orbital solution and physical parameters of
both components. The spectral type of the secondary component
was estimated as B1 V. Later on, in the same ASAS photometry
of ALS 1135, Pigulski & Michalska (2007) found additional peri-
odic variations with a frequency of 2.31095 d−1. The possibility
that these variations are due to pulsations of the primary compo-
nent prompted us to carry out a follow-up photometric and spectro-
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scopic campaign devoted to this star. Results of this campaign are
reported in the present paper; a by-product is the discovery of 17
variable stars in the vicinity of ALS 1135.
The early-type binary ALS 1135 is situated in a very interest-
ing part of the Milky Way populated by young OB associations.
Although the presence of at least five different associations was
proposed in this area of the sky (Eggen 1982; Bassino et al. 1982;
Slawson & Reed 1988; Turner et al. 1993; Tovmassian et al. 1993;
Sung et al. 1999), the reality of only three of them seems to be rel-
atively well established. These are: the nearest Vel OB2 (Slawson
& Reed 1988; de Zeeuw et al. 1999) located at a distance of about
0.4 kpc, Vel OB1 at a distance of 1.5–1.9 kpc (Humphreys 1978;
Bassino et al. 1982; Slawson & Reed 1988), and Bochum 7 (Vel
OB3) at a distance of 4–6 kpc (Miller 1972; Moffat & Vogt 1975;
Slawson & Reed 1988; Reed 2000). The latter association is known
to harbour the Wolf-Rayet star ALS 1145 = WR 12 (Moffat & Vogt
1975; Sung et al. 1999) and at least several OB stars including
ALS 1135 (Moffat & Vogt 1975). The membership of ALS 1135
in Bochum 7 was concluded from its spectroscopic parallax (Mof-
fat & Vogt 1975; Crowther et al. 2006). It was also confirmed by
a direct comparison of the radial velocity of the star with that of
other members of Bochum 7 (Corti et al. 2003). Fig. 1 shows the
position of ALS 1135 and the members of Vel OB1 and Bochum 7
in its vicinity.
The paper is organised as follows. In Sect. 2, we describe spec-
troscopic and photometric observations and data reduction meth-
ods. An analysis of UBV IC light curve and radial-velocity curve
of ALS 1135 is presented in Sect. 3. In that section, we derive new
parameters of the system. Variable stars found in the field we ob-
served are discussed in Sect. 4. Then, in Sect. 5, photometric dia-
grams for the observed field are studied. Finally, a summary and
conclusions are given in Sect. 6.
2 OBSERVATIONS AND REDUCTIONS
2.1 Photometry
The UBV IC observations of the eclipsing system ALS 1135 were
carried out at South African Astronomical Observatory (SAAO)
during 13 nights between January 23 and February 5, 2008.
We used the SAAO’s 1-m Cassegrain telescope equipped with a
1024× 1024 CCD camera covering an area of about 5.3′× 5.3′
(Fig. 1). In total, about 450 frames in U , 880 in B, 1700 in V and
1900 in an IC filter were taken. The exposure times ranged from 15
to 120 s, depending on the filter, seeing and sky transparency.
Additionally, BV IC observations were taken with the 0.6-
m Perth-Lowell Automated Telescope at Perth Observatory, Aus-
tralia. The data were collected between November 2007 and Jan-
uary 2009. Most of the observations (more than 90%), however,
were taken between January 21 and 29, 2008. Using this telescope,
we obtained about 780, 860 and 850 frames inB, V and IC, respec-
tively. All frames were calibrated in a standard way and reduced
with the DAOPHOT II package (Stetson 1987).
2.2 Spectroscopy
Spectroscopic observations of ALS 1135 were carried out between
January 25 and 27, 2008 with the ESO New Technology Tele-
scope (NTT, La Silla, Chile) and the ESO Multi-Mode Instrument
(EMMI) in the cross-dispersed echelle mode. The EMMI e´chelle
spectroscopy was done in the REMD (Red Medium Dispersion
Spectroscopy) mode in the wavelength range from about 4800 to
6800 A˚ and a resolving power equal to 35 000. We used grating
#10 and 1′′-wide slit. In total, 48 spectra with 15-min integrations
were obtained.
Moreover, a single spectrum of ALS 1135 was obtained
with the Magellan Inamori Kyocera E´chelle (MIKE) spectrograph
(Bernstein et al. 2003) attached to the 6.5-m Magellan-Clay Tele-
scope at Las Campanas Observatory, Chile. The observation was
taken on January 5, 2008, with a 0.7′′-wide slit, which resulted in
a resolving power of 41 000 and 32 000 in the blue and red part
of the spectrum, respectively. The spectrum covered wavelengths
from 3600 to 7600 A˚, with the signal-to-noise ratio of about 100.
In order to reduce the spectra, standard IRAF1 procedures
were used. The raw data were bias subtracted, corrected for pixel-
to-pixel variations (flat-field) and sky subtracted. Wavelength cali-
brations were carried out using Th-Ar lamps. Next, the individual
rows of each spectrum were normalised by fitting a blaze function.
The rows were subsequently combined into a single spectrum.
3 ALS 1135
Recently, Pigulski & Michalska (2007) have presented re-
sults of a search for pulsating components in eclipsing bi-
nary systems using the ASAS-3 database. They found out-of-
eclipse periodic variability in eleven systems, including ALS 1135
(ASAS 084350−4607.2). In addition to variation caused by bina-
rity, ALS 1135 showed sinusoidal variations with a period equal
to 0.4327 d. Since p-mode pulsations in O-type stars are allowed
by the theory (Pamyatnykh 1999), Pigulski & Michalska (2007)
suspected that the periodicity could indicate a β Cephei-type pul-
sations in the O-type primary. They pointed out, however, that con-
tamination of the ASAS photometry due to the low spatial resolu-
tion is an alternative. Indeed, our analysis of good-quality photo-
metric data showed that variations with the 0.4327 d period orig-
inate in the nearby EW-type eclipsing system V4 (see Sect. 4.2)
which was not resolved in the ASAS data. Thus, the system can be
studied without complications caused by pulsations. The accurate
orbital and physical parameters of such systems are of great im-
portance and can be used for testing theoretical stellar models (see,
e.g., Bonanos 2009). In particular, in the present paper, we use the
parameters of the ALS 1135 to derive its age (see Sect. 3.3).
3.1 Radial velocities and atmospheric parameters
In order to obtain atmospheric parameters of the primary com-
ponent we compared the high-resolution MIKE spectrum with
theoretical spectra from the TLUSTY/SYNSPEC codes given in
the OSTAR2002 grid (Lanz & Hubeny 2003). The OSTAR2002
grid consists of about 700 metal line-blanketed, non-LTE, plane-
parallel, hydrostatic model atmospheres. The synthetic spectra
were calculated for effective temperatures between 27 500 and
55 000 K with a step equal to 2500 K and surface gravities rang-
ing from 3.0 to 4.75 dex with a step equal to 0.25 dex. In our fitting
we adopted fluxes calculated for solar metallicity and assumed mi-
croturbulence velocity equal to 10 km s−1. The model spectra were
convolved with rotational and instrumental profiles.
Despite the fact that the MIKE spectrum was taken close to
1 IRAF (Image Reduction and Analysis Facility) is distributed by the Na-
tional Optical Astronomy Observatories, which are operated by the Asso-
c© 2012 RAS, MNRAS 000, 1–14
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Figure 1. A 32′× 32′ fragment of the DSS2-Red plate centred at (α2000.0, δ2000.0) = (8h44m35.s5,−45◦56′) containing the observed field around ALS 1135
(large square). Open circles and squares represent stars belonging to Vel OB1 and Bochum 7 (Vel OB3), respectively, identified using the photometry and
spectroscopy of Corti, Bosch, & Niemela (2007). The bright star on the left is HR 3487 (a Vel).
Table 1. Heliocentric radial velocities of both components of ALS 1135.
Primary Secondary Primary
HJD HRV res?HRV HRV res
?
HRV HJD HRV res
?
HRV
2454400.+ [km s−1] [km s−1] [km s−1] [km s−1] 2454400.+ [km s−1] [km s−1]
90.60405 −29.9 +4.7 +352 +1 92.57312 +152.6 −0.1
90.61539 −31.2 +5.1 +340 −16 92.58446 +147.3 −3.5
90.63777 −39.4 +0.2 +352 −15 92.59584 +144.3 −4.5
90.64909 −35.8 +5.3 +389 +17 92.60717 +146.4 −0.3
90.66042 −35.6 +6.9 +382 +6 92.62726 +141.1 −1.7
90.67176 −40.6 +3.3 +366 −15 92.63859 +145.0 +4.4
90.69420 −46.9 −0.5 +394 +5 92.64992 +139.8 +1.5
90.70553 −43.5 +4.1 +398 +5 92.66124 +136.3 +0.4
90.71686 −48.2 +0.5 92.68136 +133.1 +1.5
90.72818 −52.4 −2.7 92.69270 +129.3 +0.3
90.75005 −53.0 −1.5 +410 +4 92.70407 +127.9 +1.4
90.76139 −51.2 +1.1 +367 −42 92.71542 +120.8 −3.0
90.77287 −64.2 −11.1 92.73953 +121.3 +2.9
90.78422 −61.4 −7.7 +432 +19 92.75090 +114.9 −1.6
90.80525 −61.4 −6.7 92.76226 +111.5 −3.3
90.81658 −65.0 −9.8 +406 −13 92.77363 +110.7 −2.6
90.82792 −65.9 −10.3 92.79434 +108.5 −2.3
90.83925 −52.7 +3.2 92.80573 +106.2 −3.1
90.86219 −59.8 −3.5 +425 +3 92.81712 +101.3 −6.3
90.87410 −51.4 +5.0 +384 −39 92.82849 +96.8 −8.9
91.84062 +137.0 +8.5 92.84918 +94.7 −6.9
91.85195 +146.6 +15.7 92.86055 +98.7 −0.1
91.86328 +148.3 +14.9 92.87192 +91.4 −3.9
91.87460 +136.4 +0.7 92.88329 +91.4 +0.3
? residuals from the orbital solution obtained with the W-D program (see Sect. 3.2).
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Figure 2. Residual standard deviation (RSD) of the fit of atmospheric mod-
els to the observed spectra in the vicinity of twelve helium lines. They are
plotted as a function of the assumed effective temperature of the primary,
Teff,1. For all models, log(g1/cm s−2) = 3.75 dex was adopted. See text
for details.
the primary eclipse, the contribution of the secondary to the to-
tal flux at that epoch can be neglected in the procedure of obtain-
ing stellar parameters. In other words, stellar parameters derived
from the profiles of stellar lines in this spectrum can be attributed
to the primary. The determination of primary’s surface gravity,
log g1, was based on the Hγ and Hβ line profiles and resulted in
log(g1/cm s
−2) = 3.75. In order to derive effective temperature of
the system’s primary, Teff,1, we used He I 4026 A˚, 4145 A˚, 4471 A˚,
4713 A˚, 4921 A˚, 5061 A˚, 5871 A˚, He II 4201 A˚, 4388 A˚, 4542 A˚,
4686 A˚ and 5411 A˚ as diagnostic lines. The best fit of the model
fluxes to the observed lines was obtained as a result of minimising
residual standard deviation (RSD) of the fit. The RSD dependence
on Teff,1 is clearly asymmetric (Fig. 2). Adopting 2500 K as a rea-
sonable uncertainty of Teff,1 for a mid-O type star, we get Teff,1 =
36 200+3100−2200 K, if we demand that the upper and lower value of
Teff,1 should correspond to the same value of the RSD (horizon-
tal line in Fig. 2). Additionally, the projected rotational velocity,
V sin i, was found to be equal to 195± 15 km s−1. FLN2006 as-
sumed the effective temperature of the primary component equal to
37 870 K using spectral type vs. effective temperature calibration
of Martins, Schaerer, & Hillier (2005).
The EMMI/NTT data were used to derive heliocentric radial
velocities (HRV) of the components of ALS 1135. For the primary
component, radial velocities were derived by fitting a rotationally-
broadened synthetic spectrum from the above-mentioned grid with
log(g1/cm s
−2) = 3.75 dex and Teff,1 = 37 500 K, the closest to
the best-fit one. In order to avoid the influence of telluric and in-
terstellar lines, we fitted the fluxes only in the vicinity of seven
spectral lines. These lines were the following: He II 5411 A˚, O III
5592 A˚, C IV 5801 and 5812 A˚, He I 5876 A˚, He II 6406 A˚ and He II
6527 A˚. Both synthetic and observed spectra were normalised and
rebinned in lnλ before fitting. For the secondary component we
were able to derive radial velocities only from a single line, He I
5876 A˚, and only from the best spectra taken on the night of Jan-
uary 25, 2008, close to quadrature. At this phase, the lines of com-
ponents were well separated allowing determination of the HRV for
the secondary by fitting the line with a Gauss function. The values
of the HRV we derived are given in Table 1.
ciation of Universities for Research in Astronomy, Inc., under cooperative
agreement with the National Science Foundation.
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Figure 3. Top: Phase diagrams of theUBV IC observations of the eclipsing
system ALS 1135. Offsets were applied in order to separate light curves in
different bands. The continuous lines show the best fit obtained by means of
the W-D program. The parameters of this fit are given in Table 2. Bottom:
Residuals from the fit.
3.2 Modelling light and radial velocity curves
The physical parameters of the components of ALS 1135 were de-
termined using the newest version of the Wilson-Devinney (here-
after W-D) program (Wilson & Devinney 1971; Wilson 1979,
1990; van Hamme & Wilson 2007). Our UBV IC and radial ve-
locity curves were modelled simultaneously. Fitting radial velocity
curves, we combined FLN2006 and our data. Due to the larger un-
certainties of the former, they were assigned lower weights.
First, we determined the orbital period and the time of the pri-
mary minimum. Combining ASAS-3 and our V -band data, we de-
rived the following ephemeris:
Min I = HJD 2452070.144(13) + 2.d753189(14)× E, (1)
where E is the number of elapsed cycles. The numbers in paren-
theses denote the r.m.s. errors of the preceding quantities with the
leading zeroes omitted. The phase diagrams in U , B, V and IC
filters are shown in Fig. 3.
The W-D program was run with detached geometry (MODE
= 2). We used detailed reflection model with two reflections
(MREF = 2, NREF = 2). Bolometric albedos and gravity darken-
ing coefficients equal to 1.0 were assumed as for stars with radia-
c© 2012 RAS, MNRAS 000, 1–14
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Figure 4. Top: Radial velocities of both components. The radial veloci-
ties derived in this paper are shown with filled circles, those obtained by
FLN2006 with open circles. The solid lines represent the best fit obtained
by means of the W-D program. The parameters of this fit are given in Table
2. Bottom: Residuals from the fit.
tive envelopes. The coefficients of the logarithmic limb darkening
law were computed for the effective temperature and surface grav-
ity from the formula given by van Hamme (1993). Additionally,
we assumed that the components rotate synchronously and have
no spots. Since both eclipses have equal widths and the secondary
minimum occurs at phase 0.5, we adopted circular orbit. We ob-
tained three solutions for three assumed Teff,1, 34 000, 36 200, and
39 300 K, in accordance with the spectroscopic determination of
Teff,1 in Sect. 3.1. At the beginning, the mass ratio (q) and the ra-
dial velocity of the system’s barycentre (Vγ) were derived by fitting
sine functions to the phased radial-velocity curves. Keeping these
parameters fixed in the W-D program, we adjusted phase shift (ϕ),
surface potentials (Ω1 and Ω2), effective temperature of the sec-
ondary component (Teff,2), inclination (i) and monochromatic lu-
minosity of the primary component (L1). The iterations were re-
peated until the solution converged. Then, the mass ratio, the or-
bital semi-major axis (a) and radial velocity of barycentre were also
freed in the fitting procedure and all nine parameters were adjusted
simultaneously. The W-D program provides also masses, radii, sur-
face gravities of both components and the luminosity of the sec-
ondary component. The solutions for the three different Teff,1 led
obviously to different values of Teff,2. The remaining parameters
remained, however, virtually the same. We therefore decided to pro-
vide a single solution (Table 2) incorporating the differences due to
the allowed range of Teff,1 into the uncertainties of parameters. The
exceptions are for obvious reasons Teff,2, logL/L and Mbol; for
these three parameters we provide values corresponding to the three
assumed values of Teff,1.
The full set of parameters is given in Table 2. The final fit to
the light and radial velocity curves is shown in Fig. 3 and 4, respec-
Table 2. The orbital and physical parameters of ALS 1135 derived by means
of the W-D program.
Parameter Primary (1) Secondary (2)
ϕ +0.0008 ± 0.0002
Teff [K]
{
39 300?
36 200?
34 000?
27 120± 80
25 260± 80
23 890± 70
Ω 3.060 ± 0.007 3.826 ± 0.020
q = M2/M1 0.326 ± 0.003
i [◦] 79.6 ± 0.2
a [R] 26.67 ± 0.22
V γ [km s−1] +61.2 ± 0.3
K [km s−1] 118.5 ± 1.0 363.2 ± 3.9
[L1,2/(L1 + L2)]U 0.9521 ± 0.0033 0.0479 ± 0.0033
[L1,2/(L1 + L2)]B 0.9442 ± 0.0012 0.0558 ± 0.0012
[L1,2/(L1 + L2)]V 0.9420 ± 0.0009 0.0580 ± 0.0009
[L1,2/(L1 + L2)]I 0.9401 ± 0.0008 0.0599 ± 0.0008
R (pole)/a 0.3623 ± 0.0016 0.1302 ± 0.0010
R (point)/a 0.3912 ± 0.0022 0.1323 ± 0.0011
R (side)/a 0.3748 ± 0.0018 0.1308 ± 0.0010
R (back)/a 0.3835 ± 0.0020 0.1320 ± 0.0011
R [R] 9.99 ± 0.09 3.49 ± 0.03
M [M] 25.3 ± 0.7 8.25 ± 0.17
log(g/cm s−2) 3.842 ± 0.016 4.268 ± 0.017
V sin i ?? [km s−1] 180.5 ± 2.3 63.1 ± 1.0
log(L/L)
{
5.330± 0.011
5.187± 0.011
5.078± 0.011
3.772± 0.015
3.649± 0.015
3.552± 0.015
Mbol ??? [mag]
{ −8.58
−8.23
−7.96
−4.69
−4.38
−4.14
? fixed, derived from spectroscopy,
?? assumed synchronous rotation,
??? Mbol, = 4.74 mag (Bessell et al. 1998) was adopted.
tively. The standard deviations of the residuals for the SAAO data
are equal to 0.027, 0.006, 0.006 and 0.008 mag in U , B, V and
IC, respectively. For the data from Perth, the standard deviations
are similar and equal to 0.007, 0.007 and 0.008 mag for B, V and
IC, respectively. The standard deviations of the residuals of our ra-
dial velocity data are equal to 5.4 km s−1 and 18.6 km s−1 for the
primary and secondary component, respectively. In the case of the
FLN2006 the residuals amount to 19.7 km s−1 for the primary and
29.6 km s−1 for the secondary.
The much better (multi-colour) photometry and more pre-
cise radial velocities allowed us to obtain stellar parameters of
ALS 1135 with much smaller uncertainties than those of FLN2006.
In particular, the radii were derived with an accuracy better than
1%, the masses, with an accuracy better than 3%. Within the errors,
the determined orbital period is consistent with the previous deter-
minations (Corti et al. 2003; FLN2006). The main difference be-
tween the FLN2006 and our solution is the inclination, 79.2± 0.2◦,
about 10◦ larger than obtained by FLN2006. Thus, we find the
eclipses to be total (see Fig. 3). In consequence, the masses and
radii of the components we derived are smaller than those given
by FLN2006. The contribution of the secondary to the total light
of the system in the visual amounts to about 6%. The low value of
the mass ratio, M2/M1 = 0.326 ± 0.003, is confirmed. Assuming
synchronous rotation we get V sin i = 180.5 ± 2.3 km s−1 for the
primary component, in very good agreement with the spectroscopic
determination (see Sect. 3.1).
c© 2012 RAS, MNRAS 000, 1–14
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Figure 5. Left: A comparison of the dynamic masses and radii of the components of ALS 1135 (dots) with the theoretical values taken from the stellar
evolutionary models of Brott et al. (2011) (top) and Ekstro¨m et al. (2012) (bottom) for nine nine values of stellar ages. The isochrones are labeled with the age
in Myr. The continuous lines denote isochrones for models without rotation, the dashed lines, isochrones with rotation. See text for more explanations. Right:
The evolutionary tracks for the same two sets of evolutionary models, Brott et al. (2011) (top panel) and Ekstro¨m et al. (2012) (bottom panel). The models are
labeled with mass in M. As in the left-hand panels, models without rotation are shown as continuous lines, those with rotation, with dashed lines. The dots
correspond to solutions for three different values of Teff,1 (see text). They are located along the lines of constant radius. Open circles denote models with a
given radius and having a mass equal to the derived mass.
3.3 The age of ALS 1135
In their paper summarising the masses of O-type stars, Weidner
& Vink (2010) concluded that the present-day dynamical masses
of these stars are well reproduced by evolutionary models. Ow-
ing to the fact that massive stars during their main-sequence evo-
lution considerably change their radii, there is an opportunity of
using these stars (strictly speaking their radii) for determination of
the ages of the stellar systems they belong to. With this purpose in
mind, the masses and radii of the components of ALS 1135 we de-
rived were compared with those from stellar evolutionary models
of Brott et al. (2011) and Ekstro¨m et al. (2012) (see Fig. 5, left-
hand panels). In both sets of evolutionary models the rotation ef-
fects were included. One of the main differences between the mod-
els is core overshooting with Hp, pressure scale height, equal to
0.335 in the models of Brott et al. (2011) and 0.1 in the models of
Ekstro¨m et al. (2012). The much larger range of core overshooting
in the models of Brott et al. (2011) results in a much wider main
sequence (see Fig. 5, right-hand panels).
The left panels in Fig. 5 show the mass–radius relations for
both sets of evolutionary models and nine values of age ranging
from the zero-age main sequence up to 10 Myr. The mass-radius
isochrones are plotted for models with and without rotation. In ac-
cordance with the measured V sin i, we have selected models with
rotation having initial rotational velocity of about 200 km s−1 for
the set of Brott et al. (2011) models and those with the initial rota-
tional velocity equal to 0.4 times the critical velocity for the other
set.
As can be seen from Fig. 5, for stars with masses larger than
∼15M the radius becomes a very good indicator of the age of
a star. In the ALS 1135 system, only the primary is suitable for an
age determination by this method. The ages derived from the loca-
tion of this star in the mass–radius diagrams amount to 3.9 Myr for
Brott et al. (2011) models both with and without rotation, 4.3 Myr
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for Ekstro¨m et al. (2012) models without rotation and 4.7 Myr for
the same set of models with rotation. The ages obtained in a sim-
ilar way for the older sets of models, Claret (2004) and Schaller
et al. (1992), resulted in the age of 4.2 Myr. The uncertainties of
mass and radius (Table 2) are negligible in the present context. We
therefore conclude that the age of the ALS 1135 system is equal
to 4.3 ± 0.5 Myr, where the adopted uncertainty of 0.5 Myr re-
flects only the dependability on the models. Although the result is
model-dependent, it is clear that the method provides the age which
is much more precise than that obtained from isochrone fitting.
Since Teff,1 was derived from the observed spectrum, we
should check the consistency of the solution obtained in Sect. 3.2
with the evolutionary models we used to derive the age of
ALS 1135. This is done in the right-hand panels of Fig. 5 too. The
solutions for the three assumed values of Teff,1 are located, as ex-
pected, along the constant radius line. The same is true for the sec-
ondary. The models that are consistent with the derived masses are
shown as open circles. It can be seen that the consistent model for
the primary is located close to the solution for Teff,1 = 34 000 K,
while for the secondary it is slightly less luminous than all three
solutions. Nevertheless, the consistency remains reasonable.
4 VARIABLE STARS IN THE OBSERVED FIELD
As mentioned above, the photometric observations of the ALS 1135
field were taken with two telescopes covering almost the same area
of the sky. The multisite observations allow to reduce aliasing in
the Fourier amplitude spectra and lower detection level. For this
reason, we combined data from the SAAO and Perth observatories.
Using profile photometry obtained with the DAOPHOT package,
differential magnitudes of all detected stars were computed. In the
search for variability, the V and IC-filter magnitudes were analysed
by means of a Fourier periodogram calculated in the range between
0 and 100 d−1. Then, the light curves, the Fourier amplitude spec-
tra and phase diagrams were inspected by eye. Among 813 stars
detected in the IC band, 18 were found to be variable. Only ALS
1135 (Sect. 3) was known to be variable prior to our study. The
variable stars are listed in Table 3 and labeled in Fig. 6. Since the
WEBDA2 database does not include all stars in our field, we num-
ber the variable stars from V1 to V18.
4.1 Pulsating stars
Out of 18 variables detected in the observed field, seven appear to
be pulsating stars. One of them, V2, is probably an SPB-type star,
the remaining six are δ Scuti stars. The parameters of the sinusoidal
terms (frequencies, fi, and amplitudes, Ai) for these stars, were
derived by fitting the formula
〈m〉+
n∑
i=1
Ai sin(2pifi(t− T0) + φi) (2)
to the differential magnitudes. In Eq. (2) 〈m〉 is the mean differ-
ential magnitude, n, the number of fitted terms, φi, the phases, t,
the time elapsed from the initial epoch T0 = HJD 2454400. The
parameters of the fit are listed in Table 4. Instead of φi, we provide
the time of maximum light, Tmax.
The brightest pulsator found in our data is star V2. It has no
available spectral type. Fourier periodogram of the V -filter data for
2 The WEBDA database is available at http://www.univie.ac.at/webda/.
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Figure 6. Schematic view of the observed field with the positions of all 813
stars detected in the IC band. Variable stars are encircled and labeled. North
is up, east to the left.
Table 3. A list of variable stars in the observed field. Bochum 7 is abbrevi-
ated to Bo7. The numbers in parentheses denote the r.m.s. errors of the pre-
ceding quantities with the leading zeroes omitted. Uncertain membership is
followed by a colon.
Star V Period Membership Type of
[mag] [d] variability
V2* 11.93 1.133021(24) Vel OB1 SPB
V5* 13.80 0.0420225(20) Vel OB1: δ Sct
V6* 14.61 0.0800276(25) Vel OB1: δ Sct
V7 15.40 0.088809(10) Vel OB1: δ Sct
V10* 16.89 0.075080(5) Bo7: PMS? δ Sct
V12 17.43 0.097308(15) Bo7: PMS? δ Sct
V14* 18.36 0.061382(11) field: δ Sct
V1 10.90 2.753189(14) Bo7 EA (ALS1135)
V4 12.14 0.8654776(14) Bo7 EW
V11 17.11 4.5195(6) unknown EA
V13 17.80 0.2862813(11) unknown EW (W UMa)
V16 18.73 0.37748(5) unknown EW/Ell
V17 19.54 0.2148565(3) field EW (W UMa)
V18 19.55 0.308876(6) unknown EW/Ell
V3 12.10 ∼10 field unknown
V8 15.84 0.57228(21) unknown unknown
V9 15.86 0.93725(26) unknown unknown
V15 18.72 ∼10 field unknown
* more than one periodicity detected, see Table 4.
this star (Fig. 7) reveals two terms with close frequencies, f1 =
0.88260 and f2 = 0.82493 d−1. The residuals indicate a possible
presence of the further terms with low amplitudes and frequencies
below 3 d−1. The frequencies and the position of V2 in the colour-
colour (Fig. 12) and the colour-magnitude diagrams (Fig. 13) indi-
cate that the star is an SPB variable and a member of Vel OB1.
The other six stars (V5, V6, V7, V10, V12, and V14) have
periods between 0.04 and 0.18 d. Fourier periodograms of V -filter
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Figure 7. Top: Fourier frequency spectrum of the combined SAAO and
Perth V -filter data of the SPB star V2. Middle: after prewhitening with
frequency f1 = 0.88260 d−1. Bottom: after prewhitening with both fre-
quencies, f1 and f2 = 0.82493 d−1.
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Figure 8. Fourier frequency spectra of the combined SAAO and Perth V -
filter data of six δ Scuti stars: V5, V6, V7, V10, V12 and V14.
data of these stars are shown in Fig. 8. Prewhitening original data
with the strongest mode revealed more terms in four stars, V5, V6,
V10, and V14. For none of these stars spectral types are available
but the periods of variability, multiperiodicity of some of them and
their position in the colour-magnitude diagram (Fig. 13) indicate
that these stars are δ Scuti-type variables. In addition, in all these
stars the amplitude decreases with increasing wavelength (Table 4),
which is a typical property of δ Scuti stars in the visual (see, e.g.,
Watson 1988). As discussed in Sect. 5.2, stars V5, V6 and V7 are
likely members of the Vel OB1 association, whereas V10 and V12
probably belong to Bochum 7. V14 seems to be a field star.
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Figure 9. Phase diagram of the UBV IC observations of the eclipsing sys-
tem V4 and BV IC observations of eclipsing systems V11, V13 and V17.
The SAAO data are shown as plus signs, and the Perth data as crosses. Off-
sets were applied to separate light curves in different bands.
4.2 Eclipsing systems
The six eclipsing binaries we found are V4, V11, V13, V16, V17,
and V18. Their periods, times of the primary minimum and the
depths of the eclipses are given in Table 5.
Star V4 (GSC 08151-01072) is an EW-type eclipsing system
with an orbital period equal to 0.8654776 d, exactly twice the sec-
ondary period found in the ASAS data of ALS 1135 by Pigulski &
Michalska (2007). This is the star that contaminates the variabil-
ity of ALS 1135 because it is only 27′′ apart (Fig. 6). According to
Corti et al. (2007), the spectral type of this star is B1-1.5 V and the
true distance modulus is equal to 12.9 mag. This implies that the
star can be a member of Bochum 7. The (B − V ) and (U − B)
colour indices and the V magnitude determined by these authors
are equal to 0.40 mag, −0.47 mag and 12.3 mag, respectively. The
out-of-eclipse UBV IC photometry of this star obtained from our
observations is given in Table 6.
We made an attempt at modelling the light curve of V4 by
means of the W-D program. The analysis revealed that both stars fill
their Roche lobes. Unfortunately, this is the only firm conclusion
that comes from the fit; the parameters of this system cannot be
derived unambiguously as there are many equally good solutions
with different mass ratios. The U , B, V and IC light curves of V4
are shown in Fig. 9. For the SAAO data, the standard deviations of
the solutions are equal to 0.037, 0.011, 0.008 and 0.010 mag in U ,
B, V and IC, respectively, while for the Perth data the respective
numbers are equal to 0.014 (B), 0.009 (V ) and 0.012 mag (IC).
The next three eclipsing systems found in our field (V11, V13
and V17) have no available spectral types. Their periods and pa-
rameters of the eclipses are given in Table 5. The light curves of
V13 and V17 in B, V and IC filters are shown in Fig. 9. The out-
of-eclipse V magnitudes and the (B − V ) and (V − IC) colour
indices of these stars obtained from our observations are shown in
Table 6. The orbital periods and the light curves of V13 and V17
c© 2012 RAS, MNRAS 000, 1–14
ALS 1135 in the OB association Bochum 7 9
Table 4. Parameters of sine-curve fits to the B, V and IC differential magnitudes of the pulsating stars detected in the
observed field. The numbers in parentheses denote the r.m.s. errors of the preceding quantities with the leading zeroes omitted.
The σres is the residual standard deviation, Nobs stands for the number of observations, S/N is the signal-to-noise ratio.
Star fi Filter Nobs Ai Tmax − T0 S/N σres
[d−1] [mmag] [d] [mmag]
V2 0.88260(19) B 1581 31.8(6) 95.4740(32) 44.9 14.8
V 2456 26.5(3) 96.6303(21) 72.1 9.4
I 2670 22.3(4) 96.6128(28) 72.1 12.0
0.82493(32) B 22.0(6) 95.8864(53) 31.0
V 17.4(4) 95.9055(33) 47.4
I 13.7(4) 95.8980(59) 26.6
V5 23.7968(11) B 1575 3.9(3) 95.5939(05) 9.5 7.6
V 2457 2.9(2) 96.0962(04) 10.0 6.6
I 2656 1.7(2) 96.1812(07) 6.1 6.7
17.7011(11) B 2.8(3) 95.6216(09) 6.8
V 2.5(2) 96.0739(07) 8.9
I 1.4(2) 96.1832(11) 5.0
13.4460(21) B 1.6(2) 95.5796(29) 4.0
V 1.9(2) 96.1020(12) 6.6
I 1.3(2) 96.1817(17) 4.7
26.2978(23) B 1.8(3) 95.5951(09) 4.5
V 1.4(2) 96.0878(08) 4.8
23.0559(39) V 1.3(2) 96.0803(10) 4.4
17.5605(25) B 1.8(3) 95.6209(14) 4.5
I 1.2(2) 96.1885(14) 4.4
V6 12.49569(39) B 1558 23.3(6) 95.6425(03) 28.0 17.1
V 2446 17.8(4) 95.8820(03) 33.4 12.6
I 2671 10.5(4) 96.1227(04) 36.0 12.5
11.40806(62) B 15.9(6) 95.5887(05) 19.0
V 12.0(0) 95.8508(04) 22.5
I 7.3(3) 96.1140(07) 15.5
13.03861(94) B 9.4(6) 95.5950(08) 11.3
V 7.3(4) 95.9029(06) 13.7
I 4.9(3) 96.1333(09) 10.4
22.7290(19) B 4.6(6) 95.6104(10) 5.5
V 3.2(4) 95.8755(08) 6.0
I 1.9(3) 96.1400(12) 4.1
20.8858(19) B 4.7(6) 95.6403(10) 5.7
V 3.3(4) 95.8782(08) 6.1
I 2.6(3) 96.1181(10) 5.5
15.7539(34) B 3.4(6) 95.6084(17) 4.1
V 2.4(4) 95.8591(15) 4.6
V7 11.2601(13) B 1567 5.5(6) 95.4028(15) 6.3 17.6
V 2471 3.6(4) 96.1147(16) 7.1 13.4
I 2690 2.2(4) 96.1828(23) 4.1 13.9
V10 13.31911(83) B 1535 31.1(21) 95.8187(08) 10.9 59.0
V 2458 21.9(11) 96.1191(05) 17.4 33.0
I 2672 13.6(07) 96.1208(06) 12.7 25.0
15.3988(31) V 8.2(09) 96.1129(12) 6.5
12.3732(54) V 5.0(11) 96.1695(32) 4.0
V12 10.2766(15) B 1524 19.0(33) 95.8268(27) 4.3 92.1
V 2450 12.5(14) 96.1177(17) 6.3 48.8
I 2672 6.3(09) 97.3831(21) 5.4 31.2
V14 16.2915(28) B 684 31.1(52) 97.8637(17) 4.9 107.1
V 1682 20.9(20) 97.3739(10) 7.7 56.5
I 1892 15.3(13) 97.2499(08) 9.1 38.9
13.5197(42) V 16.8(20) 97.3548(14) 6.2
I 10.0(13) 97.2779(16) 6.0
13.8055(64) V 11.2(20) 97.4214(14) 4.4
I 10.0(13) 97.2761(28) 4.0
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Table 5. Parameters of eclipsing binary stars found in the observed field.
The depths of eclipses are given for the V -filter observations. The numbers
in parentheses denote the r.m.s. errors of the preceding quantities with the
leading zeroes omitted.
Star Period TminI− T0 Eclipse depth [mag]
[d] [d] primary secondary
V4 0.8654776(14) 89.7273(02) 0.54 0.53
V11 4.5195(6) 102.4300(11) 0.67 > 0.24
V13 0.2862813(11) 88.8412(03) 0.34 0.29
V16 0.37748(5) 98.4788(13) 0.14 0.14
V17 0.2148565(3) 88.9822(01) 0.49 0.33
V18 0.30876(6) 97.6034(21) 0.12 0.12
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Figure 10. Left: Fourier frequency spectra of the SAAO V -filter data of
variable stars V16, V18, V8, and V9. Two frequency spectra are shown for
each star: the upper for the original data and the lower after prewhitening
with detected frequencies. Right: The phase diagrams in B, V and IC. For
V16 and V18 we adopted periods equal to 2/f , where f is the frequency.
Offsets were applied in order to separate light curves in different bands.
are typical for W UMa-type stars. On the other hand, V11 has the
longest orbital period of the eclipsing stars we discovered. As can
be seen in Fig. 9 this is a well detached EA-type system with an
eccentric orbit (the secondary eclipse is not exactly in phase 0.5).
In the power spectra of the remaining two variables, V16 and
V18, we have detected single periodicities with frequencies f equal
to 5.2983 and 6.4774 d−1, respectively (Fig. 10). Although these
frequencies may indicate δ Scuti-type variability, the stars do not
show the decrease of the amplitude with increasing wavelength,
characteristic of δ Scuti stars. Therefore, we suppose that they are
EW-type binary systems with small orbital inclinations and orbital
periods equal to 2/f . Another argument in favour of this interpre-
tation is that their amplitudes are quite large as for δ Scuti stars.
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Figure 11. The light curves of variable stars V3 (left) and V15 (right) of
unknown type. The SAAO data are shown as plus signs, the Perth data, as
crosses.
4.3 Other variables
In addition, we detected variability in four other stars: V3, V8, V9
and V15. Our data do not allow us to classify unambiguously their
variability. The highest peak in the periodogram of V8 is at f =
1.7474 d−1 (Fig. 10). Similarly, the variation of star V9 can be
described by a single frequency equal to 1.0669 d−1 (Fig. 10). The
third star, V3, is a field star showing quasi-periodic variability with
a period of about 10 d (Fig. 11). The fourth star, V15, is very red
(Fig. 13) showing variations on a time-scale of the order of 10 d. Its
light curves in V and IC are shown in Fig. 11.
5 UBV IC PHOTOMETRY
As mentioned in the Introduction, ALS 1135 is situated in a re-
gion rich in young OB associations. For instance, Reed & Slawson
(1988, 1990) confirmed the presence of Vel OB1, OB2 and OB3
(Bochum 7) at distances of 2.1, 0.65 and 5.3 kpc and pointed out the
presence of fourth association, Vel OB4, at a distance of 1.0 kpc. As
was suggested by Kaltcheva & Hilditch (2000), the situation can be
more intricate. These authors analysed the distribution of bright OB
stars in the Vela region and found even more clumps of stars along
the same line of sight. According to Sung et al. (1999) Vel OB1 is
situated at a distance of 1.8 kpc. The same authors obtained a dis-
tance of 4.8 kpc for Vel OB3. The most recent determinations of the
distance to Vel OB3 was given by Corti et al. (2003), who derived a
distance of 5.0 kpc from the analysis of radial velocities of several
OB-type members of this association.
We observed a small part of this interesting region and were
able to identify stars from only two associations, Vel OB1 and Vel
OB3 (Bochum 7). Stars from the nearest association, Vel OB2, are
scattered in a large field, and none falls in the observed field of
view.
5.1 Transformation to the standard system
The UBV IC photometry of Bochum 7 and Vel OB1 was provided
by Sung et al. (1999). Our field of view contains 29 stars observed
by these authors. For several bright stars in our field, (B − V ) and
(U − B) colour indices are also listed by Corti et al. (2003). Us-
ing these stars as standards, the following transformation equations
were derived:
V = v + (0.007± 0.011)× (v − i) + (11.965± 0.007), (3)
V − IC = (0.957± 0.012)× (v − i) + (0.757± 0.008), (4)
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Table 6. UBV IC photometry and coordinates of variable stars.
Star USNO-B1.0 R.Asc. (2000.0) Dec. (2000.0) V (V − IC) (B − V ) (U −B)
V1 0438-0140625 8h43m49.83s −46o07′08.8′′ 10.898 0.623 0.358 −0.557
V2 0439-0140368 8h43m54.74s −46o03′49.9′′ 11.927 0.387 0.247 −0.178
V3 0439-0140136 8h43m40.24s −46o03′23.6′′ 12.103 0.787 0.642 0.040
V4 0438-0140604 8h43m48.80s −46o07′33.6′′ 12.139 0.676 0.416 −0.400
V5 0438-0140769 8h43m57.39s −46o06′22.9′′ 13.804 0.671 0.477 0.160
V6 0438-0140922 8h44m06.32s −46o06′05.5′′ 14.611 0.723 0.542 0.252
V7 0438-0140540 8h43m45.47s −46o06′25.7′′ 15.398 0.757 0.571 0.229
V8 0439-0140186 8h43m43.27s −46o04′42.1′′ 15.836 1.145 0.920 0.385
V9 0438-0140694 8h43m53.40s −46o06′36.8′′ 15.864 1.130 0.896 0.247
V10 0439-0140303 8h43m51.33s −46o04′37.7′′ 16.885 1.135 0.801 0.249
V11 0439-0140365 8h43m54.66s −46o03′00.6′′ 17.110 1.209 0.852 0.475
V12 — 8h43m55.61s −46o05′47.9′′ 17.427 1.226 0.920 0.290
V13 0439-0140568 8h44m05.48s −46o05′03.5′′ 17.799 1.231 1.070 —
V14 0438-0140522 8h43m44.05s −46o06′36.4′′ 18.355 1.515 1.001 —
V15 0439-0140229 8h43m46.25s −46o04′09.1′′ 18.720 2.617 — —
V16 0438-0140834 8h44m01.36s −46o07′58.7′′ 18.730 1.343 0.988 —
V17 0439-0140249 8h43m47.86s −46o03′25.0′′ 19.535 2.348 — —
V18 0438-0140645 8h43m50.76s −46o07′48.7′′ 19.549 1.503 — —
B − V = (0.943± 0.007)× (b− v) + (0.430± 0.005), (5)
U −B = (1.021± 0.032)× (u− b)− (0.189± 0.020), (6)
where u, b, v and i denote the mean instrumental magnitudes for the
SAAO data. For eclipsing stars the transformed magnitudes corre-
spond to the phases of maximum light, for V3 and V15 they corre-
spond to the epoch of HJD 2454496.5. The residual standard devi-
ations for the transformation equations were the following: 0.025,
0.027, 0.020 and 0.079 mag for Eqs. 3–6, respectively. The coef-
ficients for the colour terms are close either to 0 (Eq. 3) or 1 (the
remaining equations). This means that the instrumental system re-
produces reasonably well the standard one. From the above equa-
tions, we computed V magnitudes and the (V − IC) colour indices
for about 630 stars and the (U−B) and (B−V ) colour indices for
about 130 and 400 stars, respectively. The standard photometry of
the variable stars is given in Table 63. The equatorial coordinates in
this table were calculated from average stellar positions by means
of an astrometric transformation to the positions of 201 stars in the
USNO-B1.0 catalog (Monet et al. 2003).
5.2 Colour-colour and colour-magnitude diagrams
As mentioned above, the field we observed contains stars from at
least two OB associations, Vel OB1 and Bochum 7. Sung et al.
(1999) and Corti et al. (2007) observed much larger field than we
did, 30′ × 30′, roughly covering the area shown in Fig. 1. As found
by Sung et al. (1999), the reddenings of these two stellar groups
are considerably different and vary over the field. The E(B − V )
colour excess amounts to 0.20–0.45 mag for Vel OB1 and 0.75–
1.05 mag for Bochum 7. From theUBV observations of practically
the same field made by Corti et al. (2007) the following ranges of
E(B−V ) can be estimated: 0.25–0.48 mag for Vel OB1 and 0.58–
1.0 mag for Bochum 7, in good agreement with Sung et al. (1999).
It is obvious that the spread of reddening in our small field will be
much smaller. Indeed, in the colour-colour diagrams (Fig. 12) there
are two groups of OB stars that can be identified as members of Vel
3 The full version of Table 6 is available in electronic form from the CDS.
Table 7. OB stars in the observed field.
Star V Member Remarks
ALS 1135 10.898 Bochum 7 O6.5 V((f)), V1
ALS 1137 11.407 Bochum 7 O9-9.5 V
CBN84348.6-460736 12.139 Bochum 7 B1-1.5 V, V3
CBN84344.7-460656 12.925 Bochum 7 B1 V
CBN84346.7-460641 14.157 Bochum 7 B1-5 V
2MASS 08440123-4607049 15.161 Bochum 7
CPD −45◦2913 11.136 Vel OB1
CPD −45◦2922 11.927 Vel OB1 V2
OB1 and Bochum 7. Assuming E(U − B)/E(B − V ) = 0.72,
we derived their mean E(B − V ) colour-excesses; they amount to
0.33 mag for Vel OB1 (from two stars) and 0.65 mag for Bochum 7
(from six stars). The latter value does not agree with 0.95 mag read
off the reddening map shown by Sung et al. (1999, see their fig. 4,
south-west corner). This discrepancy can be explained by a low
number of members of Bochum 7 used to calculate the reddening
map. The eight certain OB members of both associations located in
our field are listed in Table 7.
In a similar way, mean E(V − IC) colour-excesses were
derived using data for eight stars from Table 7. We assumed
E(U − B)/E(V − IC) = 0.536, a consequence of adopting
E(V − IC)/E(B − V ) = 1.343 derived by Sung et al. (1999).
We obtained E(V − IC) = 0.46 mag for Vel OB1 and 0.91 mag
for Bochum 7 (Fig. 12). Comparing colour excesses we getE(V −
IC)/E(B−V ) ≈ 1.4 for our field. Bearing in mind the small num-
ber of stars we used in our calculation, this value can be regarded
as consistent with that given by Sung et al. (1999).
The number of identified members of Vel OB1 and Bochum 7
in our field is too small to try an independent derivation of other
parameters than the mean reddenings given above. The remain-
ing parameters are therefore adopted from the previous studies of
much larger samples of Vel OB1 and Bochum 7 members, espe-
cially those of Sung et al. (1999) and Corti et al. (2003). In par-
ticular, we adopted the true distance moduli of 11.3 and 13.5 mag
c© 2012 RAS, MNRAS 000, 1–14
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Figure 12. The two-colour diagrams, (U − B) − (B − V ) (left) and (U − B) − (V − IC) (right) for the observed field. The variable stars are shown as
large filled circles and labeled. The lines represent two-colour relations for dwarfs taken from Caldwell et al. (1993) and shifted by the indicated mean values
of colour excesses for Vel OB1 (dashed line) and Bochum 7 (solid line). See text for details.
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Figure 13. The V vs. (V − IC) colour-magnitude diagram for the observed field. Variable stars are shown with different symbols indicating the type of
variability and labeled (see text for more information). The isochrones for Vel OB1 and Bochum 7 are plotted assuming the true distance moduli of 11.3 and
13.5 mag, mean E(V − IC) equal to 0.46 and 0.91 mag, respectively. In addition, we adopted RV = 3.5, resulting in AV = 1.16 mag for Vel OB1 and
2.28 mag for Bochum 7. The isochrones are from Bertelli et al. (1994) and are plotted for the age of 6 Myr for Vel OB1 (long-dashed line) and 4, 10 and 20
Myr for Bochum 7 (continuous lines). The short-dashed lines are the pre-main sequence isochrones from Siess, Dufour, & Forestini (2000) for the same three
ages as those of Bertelli et al. (1994). All isochrones are for solar metallicity. In addition, for both stellar systems we show the boundaries of δ Scuti instability
strip after Pamyatnykh (2000).
for Vel OB1 and Bochum 7, respectively. In addition, Sung et al.
(1999) and Corti, Bosch, & Niemela (2008) suggested higher-than-
average RV = AV/E(B − V ) ratio. Adopting RV = 3.5, we
obtained apparent distance moduli of about 12.5 mag for Vel OB1
and 15.8 mag for Bochum 7. These distance moduli and the redden-
ings derived above were used to plot the isochrones in the colour-
magnitude diagram (Fig. 13). As can be seen from this figure, the
bright members of Vel OB1 fit quite well all three isochrones we
show (for the age of 4, 10 and 20 Myr). In particular, ALS 1135 fits
very well the 4-Myr isochrone, close to the age derived in Sect. 3.3
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from stellar parameters of the primary. The scatter of the location of
certain members should be interpreted rather in terms of differen-
tial reddening than age spread. Note that for Vel OB1 the isochrone
for 6 Myr adopted after Sung et al. (1999) fits the location of the
two bright Vel OB1 members quite well.
Using Fig. 13 we can also discuss the membership of variable
stars, especially pulsating ones. Given the strong contamination by
field stars in our field of view and crossing of isochrones for Vel
OB1 and Bochum 7, our photometric diagrams (Fig. 12 and 13)
allow an unambiguous determination of membership only for the
brightest stars. In particular, V1 (ALS 1135) and V4 are members
of Bochum 7, V3 is a field star and V2 is a certain member of Vel
OB1. In view of the detected two periodicities in V2, this star can
be classified as an SPB pulsator. Three δ Scuti stars (V5, V6 and
V7) may be members of Vel OB1. The possibility that they are field
stars, however, cannot be excluded. Of the remaining three δ Scuti
stars, V10 and V12 fall into δ Scuti instability strip of Bochum 7.
If the association is indeed only 4 Myr old, the two δ Scuti stars
would be pre-main sequence (PMS) objects as can be judged from
the PMS isochrones plotted in Fig. 13. An additional argument in
favour of the PMS status of V10 and V12 is their location in the
two-colour diagram (Fig. 12). They show a 0.2–0.3 mag excess in
(U −B), an indication of the presence of an accretion disk (Rebull
et al. 2000, 2002, Delgado, Alfaro, & Yun 2011). V15 and V17
are clearly field objects. The membership of the remaining variable
stars cannot be decided using our photometric diagrams.
6 SUMMARY AND DISCUSSION
The present study was devoted mainly to the massive eclipsing
binary system ALS 1135, a member of the distant OB associa-
tion Bochum 7. The analysis of the new photometric observa-
tions of ALS 1135 revealed that periodic variations with frequency
2.31095 d−1 found in this star from the ASAS-3 data (Pigulski &
Michalska 2007) were caused by a contamination by the neighbour-
ing eclipsing system V4. The new photometry and spectroscopy of
ALS 1135 allowed us to derive accurate parameters of the system,
including masses and radii which were obtained with an accuracy
better than 1 and 3%, respectively. In comparison with previous re-
sults, we obtained a larger value of the orbital inclination and, as
a consequence, smaller masses and radii of the components. The
masses and radii we found were compared with those from stellar
evolutionary models. In this way we estimated that the age of the
system amounts to 4.3 ± 0.5 Myr. For obvious reasons, the param-
eters of the B-type secondary do not constrain the age so tightly
as those of the primary, but are consistent with the above value.
The age of ALS 1135 is also in accordance with the location of the
members of Bochum 7 on the isochrone (Fig. 13).
The presence of O6 and O7-type stars in Bochum 7 implies
a very young age of this association, a few Myr at most. The ages
of such young stellar systems are usually poorly constrained from
isochrone fitting. This is because the result can be affected by a high
and variable reddening across a young stellar system, low number
of stars close to the turn-off point, inadequacies of transformation
from observed (magnitudes, colour indices) to theoretical (absolute
magnitude, effective temperature) parameters and the necessity of
simultaneous fitting of mean reddening and distance modulus. The
method was used by Sung et al. (1999) who estimated the age of
Bochum 7 for 6 Myr with no significant age spread. An age range
of 2–7 Myr was derived by Arnal & Corti (2007)4. On the other
hand, Crowther et al. (2006) gives 2.8 ± 0.5 Myr, but this value
was a mean of estimated ages of three O-type stars that belong to
Bochum 7 (ALS 1131, 1135, and 1145). The ages of these stars
were assumed to depend solely on their spectral type and luminos-
ity class and therefore the quoted uncertainty is rather underesti-
mated. The age we derived (4.3± 0.5 Myr) is fairly consistent with
the previous determinations but is much more precise. It is there-
fore clear that massive eclipsing binaries can be used to derive ages
of open clusters and OB associations with a much better precision
than can be achieved from isochrone fitting.
As a by-product of the study of ALS 1135 we discovered 17
variable stars, including SPB star belonging to Vel OB1 association
and six δ Scuti stars. Three of them are probable members of Vel
OB1, while the other two, V10 and V12, may belong to Bochum 7.
If this is the case, they would be pre-main sequence objects. Future
seismic modelling of these stars will benefit from our precise de-
termination of the age of Bochum 7 because precise age will better
constrain the models.
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